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We report the temperature dependence of resistivity and the Hall 

coefficient R H of a series of YiBa2(CU1_xZnx)307_~ ceramics with x up 

to 0.076 In all our samples we have observed linear temperature 

of (eRH)-I. The slope , d(eRH)-I/dT , decreases with the dependence 

increase in Zn concentration while the intercept (eR)-tat T~O 

increases . These changes , together with a decrease of ~=(ap/aT)p -~ 

due also to the Cu substitution , provokes the flattening in the 

temperature dependence of the Hall mobility . The analysis of the data 

shows that one cannot consider Zn as a simple charge donor for 

YiBa2Cu307_~ , but more complex change in the mechanism of transport 

seems to be introduced by the Cu substitution . 

The reduction of Tc due to the Cu 

substitution by Zn in YIBa2Cu307_ ~ ("YBCO") 

ceramics was reported by several groups [1-3]. 
The origin of this effect is st i i i 
controversial . Unlike other substitutions , Zn 
seems to introduce very few changes in YBCO 
superconducting phase . In fact we know that 
the crystal structure remains orthorhombic for 
Cu substitution by Zn up to = ii at.Z [2] , 
with lattice parameters very close to those of 
pure YBCO . Moreover , the oxygen content is 
almost unaffected [4,S] by the presence of Zn . 
Zn has valence 2+ , the most likely valence of 
Cu in YBCO, and it is a non-magnetic impurity. 
On the other hand an important change 
introduced by Zn is the complete filling of the 

• +2 +2 
3d-orbltals of Zn , unlike in Cu and Cu *3 
Therefore the substitution of Cu by Zn seems to 
be an ideal tool to study the role of 
3d-orbitals of Cu in YBCO . 

In this Communication we present a study 
of the temperature dependence of resistivity 

and Hall coefficient in YIBa2 (CUl_xZnx) 307_8 

ceramics with x = 0 , O.02S , 0.06 and O.07S 
The aim of this work is to elucidate main 
changes in the normal state introduced by the 
Cu substitution that provoke the reduction of 
Tc . 

The samples were prepared by high 
temperature solid state reaction 

Stoichiometric amounts of Y203 BaCO 3 , CuO , 

ZnO were mixed under ethanol for a few hours in 
agata container by means of a ball-mill , dried 
at = 70°C and reacted at 920°C in flowing 
oxygen for SO hours , with two intermediate 

mixing and grinding steps . Powders were then 
pressed at 2SO0 Kg/cm 2 and sintered at 9SO°C , 
in flowing oxygen for 24 hours . Final cooling 
was done in oxygen , at spontaneous furnace 
cooling rate X-ray diffractograms , taken 
with a Siemens DSO0 powder diffractometer and 

Co Ka radiation , indicate that all the samples 
are orthorhombic with lattice parameters 
reported in Table i , faintly dependent on x . 

In Table l we also report the density of all 
our samples . 

Table 1 : Lattice parameters and density of our 
samples : 

Zn (x) a (A) b (A) c (A) density 
±0.002 ±0.002 ±0.006 g/cm 3 

0 3 . 8 2 0  3 . 8 8 9  1 1 . 6 7 2  6 . 3  

0 . 0 2 6  3 . 8 2 0  3 . 8 9 0  1 1 . 6 7 3  S . 2  

O .OS 3 . 8 2 0  3 . 8 8 6  1 1 . 6 7 1  5 . 0 S  

0 . 0 7 6  3 . 8 2 6  3 . 8 9 3  1 1 . 6 8 9  4 . 9 6  

Secondary phases were not detectable. However, 
in agreement with Mehbod et al.[4] , we cannot 
exclude that for the higest concentrations of 
Zn the Cu substitution is incomplete and small 
amount of secondary phases is present , which 
we estimate to be within the sensitivity limits 
of the x-ray measurements ( a few weight 
percents ) . Our preparation is similar to that 
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Fig. l : Temperature dependence of r e s i s t i v i t y  

of YiBa2(Cu1_xZnx)307_8 • 

used by Xiao et al.[6] and Mehbod et al. [4] . 

Using neutron diffraction measurements , they 

have independently found that Zn replaces Cu 

preferentially in the planes However , a 

different result has been found by Kitijani et 

al. [7] who found that the substitution occurs 

mainly on the chains . 

We measured resisivity and Hall effect 

simultaneously on samples of typical size of 

8x2x0.3 mm 3 . For resistivity we used the 4 

probe a.c. method with currents of 2-5 mA peak 

to peak Contacts were made by attaching Ag 

wires with silver paint on Ag metallized 

s a m p l e s  [ 8 ] .  T y p i c a l  r e s i s t a n c e  f o r  e a c h  
c o n t a c t  w a s  0 . 2 - 1  Ohm F o r  H a l l  e f f e c t  
m e a s u r e m e n t s  , we u s e d  t h e  S p r o b e  m e t h o d  w i t h  
a . c .  c u r r e n t s  o f  3 0  , S0 a n d  7 0  mA p e a k  t o  p e a k  
a n d  m a g n e t i c  f i e l d s  u p  t o  5 T e s l a .  H a l l  v o l t a g e  
a l w a y s  s h o w e d  a l i n e a r  d e p e n d e n c e  o n  c u r r e n t  
a n d  m a g n e t i c  f i e l d  . 

F i g .  1 s h o w s  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  

r e s i s t i v i t y  o f  Y 1 B a 2 ( C u i _ x Z n x ) 3 0 7 _ 6  w i t h  x = 0 ,  

0 . 0 2 5  , 0 . 0 5  a n d  0 . 0 7 5  . I n  T a b l e  2 we r e s u m e  
t h e  r e s u l t s  o f  t r a n s p o r t  m e a s u r e m e n t s  made  o n  
t h e s e  s a m p l e s  . The  s h a p e  o f  t h e  r e s i s t a n c e  
t r a n s i t i o n s  i n d i c a t e s  g o o d  h o m o g e n e i t y  o f  t h e  
s a m p l e s  a n d  t h e  d e p e n d e n c e  o f  Tc ( m i d p o i n t )  a n d  
p[280K) on Zn concentration is in a good 
agreement with data reported in the literature 
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[2] The reduction of Tc measured on our 
samples indirectly confirms the inclusion of Zn 
in the YBCO structure . We observe that the 
effect of Cu substitution on resistivity is to 
increase p(280K) and to flatten the p vs T 
curve . This is evident from Fig. l and also 
from data of the temperature coefficient of 

-i 
resistivity ==(8p/aT)p reported in Table 2 . 
We also present in Table 2 values of the 
effective number of carriers (eR)-i measured 

H 

at 120K and 280K . At 120K , (eRH)-I increases 

with the Zn addition in agreement with what has 
been found by Shafer et al.[H] and Zhenhui et 
al. [9] . This result is quite surprising 
because , a priori , we would not expect Zn +z 
to introduce some holes when it replaces 
bivalent Cu . On the other hand , we observe 
that values of (eR)-I at 280K indicate an 

H 

inverse situation , i.e. Zn reduces (eRs)-1 

Because values of (eRH)-I at only one 

temperature do not give sufficient information 
about the mechanism of transport , we have 
studied the temperature dependence of (eRH)-I 

and of the Hall mobility gH=RH/p , which we 

estimated from combined resistivity and Hall 
coefficient Fig. 2 shows the temperature 
dependence of (eRH)-1 for samples of 

YiBa2(CUl_xZnx)307_ 8 with x = 0 , O.02S , 0.05 

and 0.075 Linear temperature dependence of 
(eRH) -1 observed also in the ab planes of 

YBCO single crystal [10] , has been found in 
all the samples . The effect of Zn is to change 
progressively the parameters of the straight 
line i.e. the slope d(eRH)-l/dT and the 

intercept (eR)-i(T~O) The values of these 
H 

parameters , obtained by fitting the 
temperature dependence of (eRH)-I in the range 

100K - 300K , are reported in Table 2 The 
change is towards more temperature independent 
(eR)-~ which is a typical characteristic of H 

an ordinary non-superconducting metal An 
immediate consequence of the flattening of p vs 

-I 
T and (eR H) vs T curves due to Zn is clearly 

visible in the temperature dependence of the 
H a l l  mobilities ~H a s  r e p o r t e d  in F i g .  3 .  

I 

Zn(x) p(280K) 

m~xcm 

Table  2 

cz(280K) ( e R ) - i x  1021/cm3 Tc (eR)-I(T=~O) a(eR~)-I  ! 
H H OT 

xlO-3K -1 ( 280K] (120K) (K) xlO21/cm 3 xlO19/cm3K 

0 1 . 3 3  

0 .  0 2 5  1 . 4 3  

0 . 0 6  1 . 8 8  

0 .  0 7 6  7 . 3 7  

3 . 4  8 . 3 1  3 . 4 3  91  - 0 .  0 2 4  3 . 0  

2 . 3  7 . 3 1  4 . 3 0  5 9  2 . 1  1 . 9  

1 . 8  7 . 0 6  4 . 6 3  4 9  3 . 0  1 . 5  

0 . 9  5 . 9 4  4 .  19 4 6  2 . 7  1 . 2  
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F i g .  2 : Temperature dependence of the effective 
number of carriers (eRH) -I of 

YiBa2(CUl_xZnx)307_ ~ • 
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compensation between holes and electrons We 
expect the Hall coefficient to be very 
sensitive to such compensation [10-12] . We can 
suppose first that the Cu substitution by Zn 
fills or empties a rigid band structure . This 
provokes a change in Ne(T)/Nh(T) and also a non 
n e g l i g i b l e  v a r i a t i o n  i n  ~ e ( T ) / ~ h ( T )  As a 
consequence the delicate compensation is 
altered when Zn is introduced in YBCO. However, 
for this picture of compensated carriers 
rigid electronic band model should not be a 
realistic framework to analyse the effect of Zn 
doping . In fact , we expect that , if Zn 
replaces Cu in the planes , at least partially 
[4,6,7] , the substitution of 3d-orbitals of Cu 
with 4s ones of Zn introduces a new type of 
electronic states In particular we would 
suggest in a microscopic picture , that when 
the Zn replaces Cu it suppreses the "exotic" 
[Cu-O] + holes and creates another type of more 
"ordinary" holes This could also be the 
origin of the lowering of Tc i n  

Y1Ba2(CUl_xZnx)307_ ~ • 

I n  c o n c l u s i o n  we h a v e  p r e s e n t e d  a s t u d y  o f  
t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  r e s i s t i v i t y  a n d  
the Hall coefficient in a series of 

YiBa2(CUi_xZn×)307_~ ceramics with x up to 

0.0?5 We have observed a simultaneous 
flattening of p vs T and (eRM)-lvs T curves 

Our data indicate that Zn does not play only a 
role of charge dopant in YSCO , but it alters 
the mechanism of transport in YBCO in a complex 
way . 

From the aforementioned facts we deduce 
that 2n cannot be regarded as a simple charge 
donor for a system with only one type of 
carriers because this would imply a temperature 
independent change in (eRH)-i . A more 

consistent physical picture can be imagined if 
we consider for YBCO two bands with a delicate 
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